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The modern formulation of exclusive reactions within Quantum Chromody-
namics is reviewed, the emphasis being placed on the pivotal ideas and meth-
ods pertaining to perturbative and non-perturbative topics. Specific prob-
lems, related to scale locality, infrared safety, gluonic radiative corrections
(Sudakov effects), and the role of hadronic size effects (intrinsic transverse
momentum), are studied. These issues are more precisely analyzed in terms
of the essential mechanisms of momentum transfer to a hadron while remain-
ing intact. Different factorization schemes are considered and the conceptual
lacunas are pointed out. The quite technical subject of renormalization-group
evolution is given a detailed account. By combining analytical and numerical
algorithms, the one-gluon exchange nucleon evolution equation is diagonalized
and next-to-leading eigenfunctions are calculated in terms of Appell polyno-
mials. The corresponding anomalous dimensions of trilinear quark operators
are found to form a degenerate system whose envelope shows logarithmic
large-order behavior. Selected applications of this framework are presented,
focusing on the helicity-conserving elastic form factors of the pion and the nu-
cleon. The theoretical constraints imposed by QCD sum rules on the moments
of nucleon distribution amplitudes are used to determine a whole spectrum of
optional solutions. They organize themselves along an “orbit” characterized
by a striking scaling relation between the form-factor ratio R = |GnM|/GpM
and the projection coefficient B4 on to the corresponding eigensolution. The
main reasons for the failure of the present theoretical predictions to match
the experimental data are discussed and workable explanations are sketched.







Quantum Chromodynamics (QCD) is that part of the Standard Model which is sup-
posed to describe the strong interactions at the microscopic level. However, despite the
numerous phenomenological successes of this theory in regimes where perturbation theory
applies, several conceptual and technical challenges concerning the large-distance domain
still remain.
Understanding the questions and xing the problems is possibly not enough to yield
convincing quantitative answers towards an analytic description of connement and the
formation of hadronic bound states. Especially the theoretical analysis of exclusive processes,
in which intact hadrons appear in the initial and nal states, involves the detailed calculation
of hadronic wave functions { incalculable within a perturbative framework. Nevertheless,
it is tempting to analyze the current status of knowledge by exposing physical scenarios
pertinent to understanding some basic features in the transition from the perturbative to
the non-perturbative phase. Probably the greatest technical barrier here is the mutation of
light current quarks { the degrees of freedom of high-energy QCD { to massive constituent
quarks, operative after gluon bosonization in low-energy eective theories.
By now the pure perturbative QCD option to large-momentum transfer exclusive pro-
cesses has been proved elusive. The troubles may be a reflexion of the poorly known complex
substructure of hadrons (intrinsically linked to the non-perturbative QCD vacuum); or the
faults may lie elsewhere, e.g., in the limited knowledge of higher-order perturbative correc-
tions and the possible lack of convergence of the perturbative expansion. A common key
element of these diculties is infrared (IR) sensitivity due to incomplete factorization of
short from large-distance eects. As a consequence, either there are intrusions in forbid-
den kinematical regimes { invalidating the initial factorization assumptions { or in order to
preserve IR niteness, severe IR-cuto prescriptions have to be employed { resulting in a
depletion of the perturbative contributions.
This report focuses on these problems from a user’s perspective, identifying the principal
drawbacks, and trying to set benchmarks for future developments. We concentrate on two
major subjects: (i) hadron distribution amplitudes and elastic form factors, and (ii) imple-
mentation of the renormalization group within appropriate factorization schemes. To set
the stage, we discuss and review problems relating to the momentum (mass) scales involved
in form factor calculations: scale locality, IR safety, gluonic radiative corrections (Sudakov-
type form factors), and the role of hadronic size eects (intrinsic transverse momenta). In
addition, we give a systematic non-perturbative analysis for determining hadron distribu-
tion amplitudes in conjunction with QCD sum rules. These issues are related to distinct
mechanisms by which a large space-like momentum is transferred to an intact hadron and we





2) relative to existing data. Other phenomenological
applications in this context are also discussed.
II. INTRODUCTION
Lack of precise knowledge about the large-scale inter-quark forces and the mathematical
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